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The primary objective of this study was to explore the potential 
of an airborne infrared scanner for the census of mule deer (Odocoileus 
hemionus) and elk (Cervus canadensis) in the Intermountain West. 
Flight altitude was varied in hopes of achieving species separation, 
and ground studies were conducted, using a hand-held radiometer and 
captive deer, to find the optimum time of morning to census. The 
problems and potentialities of infrared imagery scanning systems for 
censusing big game are discussed and compared to visual aerial census 
methods. (75 pages) 
INTRODUCTION 
Why Census? 
The game manager has long known that in order to successfully 
manipulate a species, regardless of his ultimate goal, he must have a 
fairly accurate idea of the number of animals in a population on a 
given area at a given time. Leopold (1933) recognized the census as 
the first goal which must be achieved before game management can begin. 
The numbers of animals alone reflects little information of use to 
the manager. His goals may be to keep a herd in the best possible 
condition for hunting, to determine migratory movements, to measure 
po~ulation fluctuations, to measure relative abundance between one or 
more different hRbitat types, to save a species from extinction, or to 
pr event overuse of a rang e or habitat. To achieve these goals, he must 
be aware of populatinn c han ges due to natality. mortality and mi gra -
tion, a nd with respect to age structure, sex ratios, and interspecies 
competition. 
Census Methooolog~ 
The census, while integral to the art of game management, has many 
problems that are yet to be overcome. The types of census methods 
which have been used ro count big game animals could constitute a thesis 
alone. Leopold (1933) separated census techniques into three categories: 
(1) by direct enumeration of whole areas or samples of them, 
(2) by ratios based on trapping, banding, and later recapture 
of sample individuals, or (3) by indirect observation of the 
condition or density of populations through the use of indices. 
(Leopold, 1933, p. 2iH) 
Rasmussen and Doman (1943) nlso classified census methods into three 
categories, paralleling those of Leopold: 
lation calculations, and (3) indices. 
(1) actual counts, (2) popu-
Counts are attempts to enumerate each animal of a species for an 
entire area or a sample of that area. Such methods have involved 
general winter reconnaissance, counts by airplane, drives over defined 
areas; strip censuses; meadow, feedground and roadside counts; and win-
ter spot counts. Population calculations include population estimates 
based on tagging or band returns and sex and age ratios based on annual 
harvests by hunting (or other known losses). Such methods include the 
Lincoln Index (Overton, 1971) and Change in Ratio (Rupp, 1966) methods. 
Indices, such as pellet group counts, track counts, auditory indices, 
and forage utilization, are related in some manner to the total number 
of animals within the population of the area in question. 
Overton (1971) is careful to separate a census from a sample 
census. Since a census implies a total count, there is no need for a 
statistical evaluation. The means of data collection, however, must 
be strictly defined. A sample census is a type of census inde x from 
which a population is statistic a lly e stimated. 
Overton (1971) also added a fourth dimension, time, to his defi-
nition of a census. A census can be either spatial, temporal, or both. 
A spatial census counts animals within a specified area at a "point" 
in time . This "point" is a length of time where migration and immi-
gration, as well as mortality and natality, are assumed to be equal. A 
temporal census defines a "point" in space through which the population 
will pass over time. A classic example might be counts of wildebeest 
at various "points" along their annual migration. 
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Overton's remaining major headings would be, according to his 
definition, census indices. These include: (1) methods involving 
animal signs and related object~, (2) methods involving marked animals, 
(3) methods involving reduction of the population size, and (4) methods 
of selective reduction or increase. 
Need for Improved Census Techniques 
J 
As the science of wildlife biology has progressed, the methods by 
which populations have been measured have become more numerous, more 
accurate, and more complicated. Yet, with all of the available methods, 
none are so accurate, inexpensive, or use so little time and manpower 
as to justify our not exploring new census methods. Cain (1966) 
wrote, " ... all existing approaches (for collecting animal population 
data and year to year changes) are inadequate to the need for better 
information." (Cain, 1966, p. 3.) 
Indeed, exploration for better techniques is becoming increasingly 
important. As habitat dwindles and the human population grows, the 
requirements the manager must face to keep animal populations healthy 
for aesthetic, recreational, ecological, and scientific reasons become 
more difficult and more important. The infrared remote scanner may 
lessen the managers burden by providing a fast, economical census of 
large mammals on extensive areas. 
While wildlife management often is compared to medicine, both being 
described as arts based on science, both are tending closer to being 
sciences as time passes. The professional wildlifer must not hesitate 
to draw upon the resources of other scientific disciplines. Johnson 
(1971) noted that "Ecology .... has an opportunity - indeed a mandate -
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to bridge the gap between academia, technology, and the very real and 
extPnsive environmental problems confronting modern and future society." 
He also compared the tools of aerial photography and remote sensor 
imagery in ecology to the spectrophotometer of physiology and the 
electron micronscope of molecular biology. This study, then, was an 
attempt to determine the potential of the infrared remote sensor as an 
efficient wildlife census tool. 
Introduction to Infrared Census Theo..!):_ 
Remote sensing is the acquisition of information about an object 
through use of sensory devices at positions remote from the subject. 
Information is derived from inferential relationships associated with 
the measurement of electromagnetic radiation. The sensing systems are 
either active or passive, depending on the source of illumination. 
The active system measures reflected energy, which originates at 
the sensor, as in radar and flash cameras. In the passive system, the 
energy sampled is either emitted from the subject, such as thermal 
emission, or is reflected from a natural source, such as sunlight. 
Since all objects at temperatures greater than absolute zero radiate 
electromagnetic energy, theoretically they can be identified or some 
property determined by sampling emitted and reflected radiation in 
appropriate portions of the electromagnetic spectrum (Parker, 1962). 
It is through the measurement of a portion of the infrared spectrum 
that big game animals may be censused. 
While heat of infrared energy is released in many ways in nature, 
such as in photosynthesis and decomposition, the intensity of the heat 
energy emanated is unique to the warm-blooded animals (Geologic features 
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such as hot springs, are more intense, but nre rare enough to be 
excluded). Even though these animals usually are well insulated by 
their pelage, a differential between the appan'nt temperatures o [ 
animals and their backgrounds usually exists. This differential can be 
used to map or "photograph" the animal as a "hot spot" within the 
thermal picture. 
Probable Advantages to Infrared Censusing 
While the cost of infrared censusing may appear to be very high 
(the rental of aircraft and scanner in this study was $208.00 per hour), 
it has the potential of being very economical. If, for example, a 
scanner could accurately census deer at an altitude of 1,500 feet and 
if the scanner were placed in an aircraft flying at 120 miles per hour, 
then 120 square miles per hour could be censused. The output still 
would need processing, either by image interpreters or by computer, but 
the potential for savings in money, time, and manpower would be highly 
significant. 
Furthermore, costs could be reduced further if equipment were 
shared by various resource agencies. Scanners can be used to determine 
soil conditions below vegetation (Colwell, 1967), to locate fresh water 
sources (Holter, 1967), to detect outbreaks of disease, insect infesta-
tion, or nutrient deficiencies in crops and timber stands (Gates, 1967; 
Shay, 1967), to locate forest and coal fires (Knuth, 1968; Hirsch, 
1968), to map vegetation and vegetational densities (Gates, 1967; 
Stingelin, 1968), and to map pollution, especially thermal pollution 
(Van Lopik et al .• 1968; Gates, 1967). 
Tnfr-ared census potcnti;illy is more ;1cc11r-,Jlc than other forms of 
aerial census. The scanner, as oppos ed to the hum.111 eye, does not tir-c 
or become less efficient as the flight continues. Since the scanner 
operates outside the visable electromagnetic spectrum, it is not subject 
to the concealing effect of the animals coloration against similar back-
grounds. This camouflage makes accurate counts by human observers 
difficult. The output of scanners, when recorded on analog tape, can 
be modified further through the use of computers to make analyses easier. 
Probable Disadvantages to Infrared Censusing 
The initial costs of infrared census can be very high, especially 
if a single agency chose to buy the equipment. The scanning system 
used in this study cost $1.25 million. Far less expensive systems are 
available, but, like that used in this study, they are not designed for 
census work. Such systems probably will not become commercially avail-
able until management agencies exhibit a strong enough interest to 
c reate a viable market for them. 
Presently, the image interpre ter is not properly trained to 
recognize the game animal on the imagery. For reasons discussed later, 
it is questionable whether or not the interpreter can ever learn to 
recognize animals from imagery produced by currently available scanners. 
Infrared census also is limited to terrain where the backgrounds 
are uniform, preferably snow covered. 
Study Objectives 
It is not enough to test a system under the most ideal conditions. 
Such conditions do not always exist. The census of animals in flat 
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open areas is not a problem. Vis11al census methods are more than 
adequate for such work. The primary objective of this study was to use 
an infrared scanner to census deer (Odocoileus hemionus) and elk (Cervus 
canadensis) in a rugged canyon of the Intermountain West. The results 
were to be compared to visual ground counts and a visual count of elk 
from a helicopter. 
When two species coinhabit the area being censused, the information 
obtained is not useful unless the species can be distinguished in the 
census. Scanning altitudes above ground were varied on the hypothesis 
that deer would not be visible on imagery at the higher altitudes. If 
elk were visible, then separation could be achieved by the difference 
in animal numbers counted at the different altitudes. 
Apparent temperatures are measurements of emitted and reflected 
thermal radiation in specified portions of the infrared spectrum. These 
temperatures vary with the rates of emission, absorption, and reflection 
of the subject. It was hypothesized that perhaps there is a point in 
the early morning when temperature differentials between animals and 
their backgrounds are greatest. The early morning was considered in 
order to avoid the effects of differential heating by the sun. Attempts 
were made to see if such a time period exists by plotting the apparent 
temperatures of deer and their backgrounds. 
LITERATURE REVIEW 
Infrared Technology 
Remote sensing defined 
Remote sensing is the detection of an object through samples of 
the electromagnetic energy radiating from it. This energy may origi-
nate from natural and/or artificial sources. Natural sources include 
the sun, geothermal energy, and warm blooded animals. Artificial 
sources include electric light bulbs or radar transmitters. Electro-
magnetic energy is radiated in the form of sinusoidal waves, which 
travel at the speed of light. 
Electromagnetic energy striking an object interacts with the 
object in five ways (Lillesand and Stevens, 1974) (Figure 1): 
1. Reflection - It returns to the medium from which it 
came without significant change. 
2. Transmittance - It passes through the object. 
3. Emission - The object releases previously stored energy 
in either its original or a different wave-
length. 
4. Absorption - It is changed into another energy form, 
such as heat, and is temporarily stored. 
5. Scatter - It is reflected and/or deflected within the 
object, resulting in absorption. 
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1. Reflection 2. Transmittance 
3. Emission 4. Absorption 
5. Sca tter 




The percent of jnteraction o[ each type tl1at occurs when electro-
magnetic energy strikes matter is ;1 function of tl1e crystalline, molecu-
lar, and atomic structure of that material and the wavelength(s) of the 
incident energy. Since the interaction with a given object at any set 
of frequencies is unique, it can be compared to fingerprints. This is 
called a spectral signature (Lillesand and Stevens, 1974). Thus, the 
measurement of reflected and emitted wavelengths of an object theoreti-
cally can be used to identify that object. 
This is demonstrated most easily with visible light (0.4 to 0.7 
microns) and the natural ability of animals to distinguish different 
colors and shapes. Photography, which samples and records light energy, 
is the most common artificial remote sensing method. Colors reflected 
from an object are a portion of that objects spectral signature. 
Different wavelengths react differently with objects and the 
spectral signature is not limited to visible light. In fact, sampling 
outside the visible spectrum reveals additional information. For 
example, conifers and deciduous trees have overlapping spectral signature 
envelopes in the visual spectrum and are difficult to distinguish with 
black and white panchromatic film. In the near infrared (0.7 to 0.9 
microns), however, black and white infrared film gives the deciduous 
trees a much lighter tone. This is because deciduous trees have a 
higher percentage of reflection in the near infrared than do coniferous 
trees. 
Remote measurements of reflected or emitted energy may be made in a 
variety of ways. Photography, using natural light (passive system) 
already has been mentioned. Films sensitive or filtered to varying 
wavelengths, including the near infrared, can be used to achieve 
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different results. Multispectral sensing is when cameras are used in 
banks and/or in combination with other systems to simultaneously sample 
more than one spectral band. 
Ultraviolet photography has been used by wildlife biologists to 
census pups of the harp seal (Pagophilus groenlandicus) (Lavigne, 1976). 
With film filtered to visible light, the white fur of harp seal pups is 
not differentiated from ice backgrounds. It was found that the white 
fur of the harp seal pup and of polar bears (Thalarctos maritimus) 
absorbed ultraviolet radiation, while that of the arctic fox (Alopex 
lagopus) and arctic hare (Lepus arcticus) reflected it. The absorption 
of ultraviolet radiation caused harp seal pups to appear dark when 
photographed with film filtered to admit only ultraviol e t light. 
The detection of thermal energy is of prime importance to this 
study. Thermal energy is released in quantity by large mammals. It, 
like visible light, can be sampled in discrete portions of time, space, 
and the electromagnetic spectrum. 
Radar is an active microwave remote sensing system, sampling energy 
which has been emitted into space and reflected back from objects 
encountered. It operates in the 1 mm to 1 m spectrum. Radar most 
commonly is used in air traffic control. Since all electromagnetic 
energy travels at the speed of light, distance to an aircraft, as well 
as azimuth, can be calculated by measuring the time between propagation 
and the signals return to the antenna. Further, using the Doppler 
principle of changing frequencies, an aircrafts speed and approach/ 
recede status may be determined. This is true because radar waves, 
like sound waves, change frequency when reflected from a moving object. 
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Radar on aircraft also may be used to locate weather systems and to 
search for obstacles, and on police cars to identify speeding vehicles. 
Side-Looking Airborne Radar (SLAR) is of particular interest. SLAR 
samples the returns from a thin slice of terrain perpendicular to the 
flight path of the aircraft. Since the sample is taken to the side of 
the aircraft carrying the unit, and, since the aircraft is in forward 
motion, the resulting sweep, when displayed on a cathode ray tube (CRT), 
appears as a two-dimensional picture. A strip camera can be used to 
record the imagery as it is displayed. Sampling from opposite direc-
tions can produce imagery of sufficient quality to map an area using 
stereoscopic techniques. SLAR is a unique mapping tool in that it can 
penetrate clouds, precipitation, and light vegetation. It is of partic-
ular value to geologists because of its broad area of coverage and 
because large landforms, faults, and lineations may be revealed which 
would not be detected by other imagery forms. 
Passive microwave systems are attempts to detect the emitted energy 
in the 1 mm to 1 m range. This is the same spectrum utilized by radar, 
but the energy detected is generated and transmitted by the terrain 
under study. Such systems produce output quite similar to thermal 
scanning systems. Antennas, as opposed to cooled, solid state detectors, 
detect the radiation. Microwave energy is of a much lower intensity 
than thermal energy. This, combined with the forward motion of the air-
craft, requires the system to sample a large portion of the earth's 
surface at any one time in order to get meaningful results. The chief 
advantage of such a system is that microwave energy can be detected at 
deeper depths under the earth's surface than thermal energy, providing 
soil temperature and moisture data. 
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A semi-active system of special importance to biologists is radio 
tel emetry. Miniature radio transmitters hav e been used to report tl1e 
locations of animals. Although initially it is necessary to handle 
animals, the system becomes remote onc e the transmitters are attached. 
Properties of infrared radiation 
Position of infrared energy in the electromagnetic spectrum. 
Infrared energy is of a relatively high frequency (i.e. wavelengths are 
short). As frequencies increase, visable light appears, followed by 
ultraviolet, X-ray, gamma, and cosmic. As frequencies decrease, radio 
and then electrical waves appear. The shorter or near infrared wave-
lengths begin at 0.7 microns and extend up t o 20 microns in the far 
infrared (Fig. 2). 
Effect of the atmosph e r e . Sinc e infrared en e rgy must pass through 
some distance in space, the effe c t of the atmosph e re must be understood. 
Atmospheric components absorb radiation with varying efficiencies, 
depending on the wavelength and the distance through which the radiation 
must travel through the atmosphere. As infrar e d radiation radiates out-
ward from its source, it decreases in energy according to the law of 
inverse squares. Fortunately, the problem of infrared census, as opposed 
to satellite surveys, takes place at low altitudes. 
Infrared radiation is reduced irregularly by atmospheric absorption. 
On a clear day, only 10% of the ultraviolet, 45% of the visable, and 45% 
of the infrared radiation reaches the earth (Reifsnyder and Lull, 1965). 
While visable light largely is unaffected by dense cloud cover and water, 
near infrared is moderately and far infrared is strongly absorbed and 
scattered. The atmosphere, however, is more transparent to some wave-
4Photo graphy ~ 
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Figure 2. Effective positions of remote sensing devices within the electromagnetic spectrum 
(not to scale) (adapted from Lillesand and Stevens, 1974). 
lengths than others. The three largest atmospheric windows through 
which infrared radiation may pass are at 3.5 to 4.1, 4.5 to 5.5, and 
8.0 to 14.0 microns (Fig. 3). 
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Effect of vegetation. Since most wild animals live in vegetated 
areas, the screening effects of vegetation upon infrared radiation are 
of importance to the infrared census. Vegetation has a high absorption 
rate for the ultraviolet and blue wavelengths, a reduced rate for green, 
a high rate for red, a very low rate for the near infrared, and a high 
rate for the far infrared. This, with high reflectance in the near 
infrared, explains why shade is not only dark, but cool as well (Gates, 
1970). 
The largest percentage of infrared radiation that may be trans-
mitted through vegetation is in the shorter wavelengths (0.77 to 1.1 
microns) (Fig. 4). Transmission is best through thin leaves, since 
there are less cell walls to reflect the radiation. The leaves of 
eve rgr ee ns, with their waxy cuticles, al low very little transmittance 
and are highly reflective (Gates, 1970). This poses a serious problem 
in eastern North American, whe re deer spend winter yarding in thick 
evergreen stands. Once the deer have moved into the evergreen yards, 
censusing with infrared scanners becomes nearly impossible. 
Fortunately, evergreens represent little problem for winter 
censusing in the Intermountain West. Deer here spend relatively little 
time in conifers during the winter. The north facing slopes, where the 
evergreen stands occur, have too severe a climate. 
Intensity of radiation. A blackbody is an object wh;i.ch absorbs all 
of the incident radiation striking it. Since no energy is reflected, 
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Figure 4 . Spectral re~lectance, transmittance, and absorptance 
f or (A) :r:'onulus delto ides, and (B) Nerium oleander 
(after Gates, 1970). 
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reemitting all absorbed energy. Due to equal absorption and radiation 
of e nergy, the blackhody remnins in a stntc of temperature equilibrium. 
Energy radiation from a blackbody is in accord with the Stefan-
Boltzmann Law: 
4 
Mbb = a T where 
-2 
Mbb is measured in watts cm 
which is the radiant 
emittance. 
Tis the temperature measured 
in degrees Kelvin. 
o is a proportionality constant. 
The energy radiated is released along a broad continuum of wave-
lengths. The intensity varies with the wavelength, decreasing rapidly 
towards shorter wavelengths and slowly towards longer wavelengths, but 
asymptotically approaching 0 towards both ends of the spectrum. The 
dominant wavelength, i.e. the wavelength of maximum radiation ( A ), is 
m 




A is a constant (2897 microns). 
Tis measured in degrees Kelvin 
Therefore, a blackbody at 273°K (0 
0
c) has a wavelength maximum 
intensity at 10.61 microns and the wavelength maximum at the earths 
ambient temperature (300 °K) is 9.7 microns. 
There are, however, no perfect blackbodies in nature. Most objects 
are "gray" bodies, absorbing and emitting radiation at a lesser 
efficiency. Energy radiat~d differs from that of the Stefan-Boltzman 
Law by the addition of an emissivity factor( ; ): 
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Typical emissivity factors are water, 0.99; foliated trees, 0.96; sand, 
0.95; concrete, 0.92; dry soil, 0,90; snow 0.85; polished silver, 0.02. 
Because of these different emissivity values, passive infrared techniques 
can be used to detect objects whose ambient temperatures may be the same 
(Gates, 1967; Lillesand and Stevens, 1974). 
The infrared scanner 
While heat or infrared energy is emitted in many ways in nature, 
such as in photosynthesis and decomposition, the intensity of the heat 
energy emanated is unique to the warm-blooded animals. Even though 
these animals usually are well insulated by their pelage, a differ-
ential between the apparent temperatures of animals and that of their 
backgrounds usually exists. This differential can be used to map or 
"photograph" the animal within a thermal picture. 
The infrared scanner, however, is not a camera. While film 
sensitive to the longer wavelengths prob ably could be produced, the 
camera would have to shield th e f ilm from all thermal radiation. I f 
this condition wer e not met, the f ilm would be exposed (Colwell, 1968). 
The infrared imagery must be obtained indirectly, using an infrared 
remote sensing scanner. At any given moment, a rotating mirror focuses 
incoming thermal radiation upon a highly sensitive thermal photo-
conductor, such as copper doped germanium (Ge:Cu), gold doped germanium 
(Ge:Au), indium antimonide (InSb), or mercury cadmium telluride (MCT). 
When discrete wavelength bands are desired, filters are placed in front 
of the detector. The conductor must be cooled to low temperatures, 
generally using liquid nitrogen for the conductors sensitive in the 
shorter wavelengths, and liquid helium for the conductors sensitive in 
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the longer wavelenr,ths. The conductors gl!nerate an impulse propor-
tional to the incoming radiation. This impulse can be displayed as a 
time versus amplitude trace on a CRT, yielding grey to11cs indicative of 
surface temperatures, which can be photographed by a strip of film 
moving past the CRT, or the signal can be recorded on magnetic tape for 
later processing and modification to improve contrast, color coding of 
the various shades, identification, and acreage computation for crops, 
etc. (Holter et al., 1970; Johnson, 1971; Morgan, 1962). A schematic 
representation of a scanner is presented in Figure 5. 
The aircraft mounted scanner covers large areas in a short period 
of time, and has an instantaneous field or view (IFV), B, which is 
measured in milliradians (mrad). One mrad is the lower limit for 
modern scanners (Holter, 1970). One mrad at 1,000 feet above the 
ground covers 1 square foot of terrain. The rotating mirror sweeps 
the IFV through an angle, o. , covering an area called a "line". The 
forward motion of the aircraft allows a series of "lines" to be 
scanned in sequence (Morgan, 1962) (Fig. 6). 
It is important that the scanner be calibrated to the aircraft. 
Excessive forward speed of the aircraft or a slowly revolving mirror 
will cause underlap, which is not desirable. Overlap may be desirable 
in that the signal to noise ratio is increased. Any imprecise 
synchronization of aircraft ground speed and angular scanning function 













Figure 5. Schematic diagram of the collection and recording sequence of single-
channel scanners (after Lillesand and Stevens, 1974). 
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IFV 
Figure 6. Method of line-scanning of terrain by an infrared scanner 
(after Suits, 1960). 
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Previous Work in Deer Census with Infrared Scanners 
Description 
Work dealing with infrared censusing of wildlife has been minimal 
(Croon et al., 1968; McCullough et al., 1969; Parker and Driscoll, 1972; 
and Graves et al., 1972). McCullough et al. (1969) continued the work 
of Croon et al. (1968). 
Graves et al. (1972) conducted their work in Pennsylvania during 
the summer and fall of 1969. They used a n InSb detector, which is 
sensitive at 3 to 5 microns, and an MCT detector, which is sensitive 
at 3 to 14 microns. The InSb detector was coupled with a scanner pro-
viding a 3 mrad IFV. The scanner used with the MCT detector was not 
described. Equipment was calibrated by flying at altitudes varying 
between 100 and 1,000 feet and at different times of the day over 
pasture and shrubland in August. 
The InSb detector provided better images of deer than did the MCT 
detector at all altitudes during the summer flights. The authors rated 
the InSb detector as excellent when the general background is warm and 
the target (large animals) are even warmer. The MCT detector would not 
detect deer from altitudes exceeding 500 feet. They also found that 
night or early morning overflights were best. This time of day effect 
was attributed to differential cooling and the differential between 
animal and background emissivity. 
Their fall 1969 work consisted of five flights, beginning at 
4:35 P.M. on 24 November 1969 and ending at 5:30 A.M. on 25 November 
1969. The flights were adjacent to a highway and over heavily wooded 
deciduous forest at 500 feet. Air temperatures varied between 20° and 
25°F, the wind was at 9 knots, clouds were virtually non-existant, and 
a heavy frost was present. The MCT detector proved to be superior to 
the InSb detector for winter flights, because of its ability to detect 
small, cool temperature differentials better than the InSb detector. 
The authors maintained that the thick coats of animals should 
retard heat loss, nearly to the point where the fur temperature would 
approach that of the background. Although no radiometer measurements 
were taken, the small differential between fur and background tempera-
tures was assumed because of the fact that frost was observed on the 
backs of deer during night overflights. 
Simultaneous with the overflight, deer on the highway right of way 
were spotlighted from a vehicle. On the south side of the road, the 
infrared and ground surveys detected 29 and 21 deer, respectively. On 
the north side of the road, where a ground survey was conducted 1 hour 
later, the infrared and ground surveys detected 32 and 36 deer, 
respectively. 
Croon et al. (1968) conducted their experiments on the E. S. 
George Reserve near the University of Michigan. The area had been 
protected from agriculture, grazing by domestic livestock, and fire 
since 1927, and consisted predominantly of oak ridges and bog or swamp 
depressions. An infrared scanning census was conducted at 12:25 P.M. 
on 4 Jauary 1967. The air temperature was -4.4°C, a high overcast was 
present, and the ground had a 6 to 8-inch snow cover. One deer was 
placed in each of three 20 to 25 yard square pens located in open 
grassland, black oak (guercus velutina), which had lost most of its 
leaves, and in red pine (Pinus resinosa). 
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Apparent temperatures of the deer and their backgrounds were 
measured within+ 1 hour of the overflight with a Stoll-Hardy radio-
meter, filtered to the 8 to 14 micron region. Six background readings 
0 0 0 
ranged from -1.1 to -5.6 C. Apparent temperatures of deer were +0.4 C 
in the pine stand, +2.2°c in the oak woodland, and +3.5°C in the grass-
land. The average temperature differential was approximately 7°C, which 
should have been enough of a differential for a scanner to detect. 
The flights were made at 1,000 feet altitude, using an infrared 
scanner sensitive in the 8 to 14 micron region. The type of detector 
used was not indicated, perhaps because of military classification. 
While the IFV also was not mentioned, one might suspect that it was 
3 mrad, due to the cons tant reference to this value. 
The deer in the oak and grassland, as well as in the pens and 
where the delivery pickups had stopped, were easily detected. The deer 
under the pine canopy was detected only because the interpreters knew 
its location. The imagery revealed 93 positive and 5 probable deer, 
which compared favorably with drive censuses, which estimated the 
current herd size to be 101 deer. The authors pointed out that even 
with gross errors for either method, the results were encouraging. 
Those involved in the McCullough et al. (1969) study were the same 
as in the Croon et al. (1968) study, except that Croon was not affiliated. 
Equipment subsequently was tested which was sensitive from 3.5 to 5.5 
micron and from 3.5 to 14 microns. Twelve deer were placed in known 
locations on the E. S. George Reserve. The daytime flights of late 
November and mid-January were clear and cold, sunny, wind was minimal 
and 3 to 4-inches of snow covered the ground. No deer were detected, 
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but two horses were detected in an adjacent pasture with the 3.5 to 14 
micrvn detector, but only because their presence was known. 
Parker and Driscoll (1972) conducted remote sensing flights over 
pens on the foothills campus of Colorado State University, west of Fort 
Collins. The pens contained 55 adult male mule deer and 11 adult prong-
horn antelope (Antilocapra americana). Their scanner detected radiation 
in the 8 to 13 micron range, with an IFV of 2.5 mrad, angular field of 
view of 120°, and a thermal resolution capability of 0.2°C. 
Imagery was obtained between 4:00 and 4:30 A.M. (before sunrise) on 
20 August 1971. Three north-south passes were made at 300, 500, and 1,000 
feet above ground. The air temperature was 13.3°C (56°F), winds were 
calm , and the humidity was near 100%. 
A Barnes PRT-5 infrared radiometer was used to measure apparent 
temperatures. The deer averaged 23.4°c, varying from 21.0 to 26 .0°C 
over 12 readings and the pronghorn averaged 21.0°c, varying from 19.0 
to 23.0°c over 5 readings. Three pen measurements were a uniform 
15.0°c. All readings indicated a differential of at least 4.0°c. 
Imagery produced well on 300 to 500-feet flight altitudes, but 
animals were indistinguishable at 1,000 feet. Three interpreters 
counted from 61 to 65 animals of a total of 66 in the pens. An attempt 
was made to separate species, based on the lightness of the spots. Deer, 
which are warmer and larger than the pronghorn, were expected to image 
lighter. Their error in this was considerable in that the interpreters 
could not successfully separate the species (Table 1). 
The authors indicated that the imagery did not produce at 1,000 
feet, due to the system's 2.5 mrad spatial resolution, i.e. an animal 
the size of a deer or pronghorn is not sufficiently large to warm the 
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average apparent temperature of the 1FV to the point where o di.ffereutial 
is large enough for the scanner to detect. But, flights at 500 feet 
altitude may be sufficient for some census purposes, although the wider 
(and more economical) coverage from 1,000 feet is desirable. Also, 
terrain variations may make mean altitudinal flights of 1,000 feet 
mandatory. 
Analysis and comparison of results 
The varying degrees of success attained by the above cited studies 
are encouraging; some more so than others. Comparisons of study results 
are difficult, except in one case. Both Graves et al. (1972) and 
McCullough et al. (1969) demonstrated that deer detection in the winter 
months cannot be accomplished at 1,000 feet with detectors in the 3 to 
5.5 and 3 to 14 micron windows. 
Table 1. Species and total counts of animals as interpreted 
from imagery (after Parker and Driscoll, 1972) 
Deer Antelope Total 
Animals present in pens 55 11 66 
Animals counted 
Interpreter 1 
(Trial 1) 65 
(Trial 2) 49 12 61 
Interpreter 2 
(Trial 1) 42 23 65 
Interpreter 3 
(Trial 1) 47 17 64 
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Graves et al. (1972) claimed success at 500 feet and below with 
both detectors, each functioning be tter at a different time of year. 
Data which they presented, however, does not satisfactorily back up 
their claim. Also, no data are presented to show that the 3 to 5 micron 
detector functions better in the summer. The good results claimed with 
their 3 to 14 micron detector in the late fall is questionable. 
I feel that they had no basis for comparison between their infrared 
and road spotlighting censuses. On the south side of the road, the 
ground survey counted 21 deer. The infrared survey counted 29 positive 
and 10 possible deer, i.e., 38 to 86% more deer were counted with the 
infrared detector. On the north side of the road, where the ground 
survey was conducted approximately 1 hour later, the infrared survey 
counted 11% less positive to 39% more possible deer. 
Results of Parker and Driscoll (1972) and Croon et al. (1968) are 
quite encouraging. In both cases, the number of animals detected by 
infrared approximated the actual number. Their success appears to 
indicate that the 8 to 13 (14) micron window is the best choice for 
census work of those reported in the literature. 
Parker and Driscoll (1972) could not detect animals from a 1,000 
foot altitude, but this might not have been the fault of the detector 
used. The authors suggested that a smaller IFV might have been more 
successful. I believe that environmental conditions also played an 
important part in the lack of detection. In the winter, the apparent 
temperature differentials would have been greater. Also, the high 
humidity during the overflight probably made the atmosphere rather 
opaque to infrared radiation. 
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EXPERIMENTAL DESIGN 
Infrared Scanning Census Attempt 
Description of the study area 
A census attempt was concentrated along a 5.2-mile stretch of road 
in Blacksmith Fork Canyon, near Hyrum, Utah, between the Left Hand Fork 
of the canyon and the canyon mouth. Only the north side of the road was 
considered, because of the large size of the deer herd wintering in the 
canyon, and because of the steepness of the slopes on the south side. 
The contours on the north side rise rather soarply from the canyon 
floor, approximately 1,200 feet in 0.5 to 0.75 miles. An abrupt change 
in the contour delineated a rather distinct boundary for the census. 
Still, the area covered easily could be counted visually by a team of 
workers from the road. 
The slope was rather free of vegetatio 1,, which was hi g h enough to 
c onceal deer, although some areas had a more dense cover th a n others. 
The predominant overstory was Utah juniper (Juniperus utahensis). Also 
present were river birch (Betula fontinalis), bigtooth maple (Acer 
grandidentatum), and western red cedar (_:!_. scopulorum). The predominant 
understory was sagebrush (Artemesia tridentata). 
Hardware Ranch, located at the head of Blacksmith Fork Canyon, also 
was included in the census. Hardware Ranch is operated by the Utah 
Division of Wildlife Resources and serves as a center for elk (Cervus 
canadensis) research and as a winter feeding station. 
The elk at the ranch, usually some 400 in number, congregate in a 
herd on the mown hay fields, and remain there throughout the winter. 
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Such a large number of wild animals, which could readily and accurately 
be counted and used as controls, could not be ignored. 
Description of the census equipment 
The infrared remote scanner used was rented from and operated by 
the Boise Interagency Fire Center, United States Forest Service, in 
Boise, Idaho. The scanner was a Texas Instruments RS-7, with an IFV of 
2 milliradians and a total field of view of 120°. It was modified by 
the Northern Forest Fire Laboratory of Missoula, Montana. With such a 
total field of view, the strip scanned would be 3,464 and 5,195 feet 
wide at 1,000 and 1,500 feet above ground, respectively. 
Two detectors are available with this unit. The mercury germanium 
detector, sensitive from 8.5 to 11 micrometers, was used in this study. 
The other detector was indium antimonide, sensitive from 3 to 4.1 
micrometers. Both detectors are cooled to 26°K. It is necessary to 
cool to this temperature so that the mercury doped germanium detector 
will operate properly. The indium antimonide detector would function 
independently at a higher temperature (77°K). The cooling system was 
cryogenic, using helium as a coolant. 
The processor was a KD-14, manufactured by Ansco and modified by 
the Northern Forest Fire Laboratory. The imagery was displayed on a 
Litton L4123Pll high resolution, 5-inch cathode ray tube. This imagery 
was recorded on a continuous 5-inch film strip negative, using GAFPF669 
aerial film, which was rectilinearized and processed in flight. The 
video signal was simultaneously recorded on video tape. 
This equipment package was mounted on a twin engine aircraft, a 
Beechcraft King Air Model B-90, which had been modified for that purpose. 
Cruising speed for this craft is 210 nautical miles per hour. A four-
man c rew is needed to operate the scanning system and fly the aircraft. 
Methods 
Flight path of the aircraft. The pilot was instructed to make 
three passes through the canyon at 1,000 feet and three passes at 1,500 
feet. Since these altitudes are above ground and since the head of the 
canyon is approximately 500 feet higher than the mouth of the canyon, 
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it was necessary for the pilot to climb while flying into the canyon and 
to descend on the way out. 
A total of four passes were made, the first starting at 8:02 a.m. 
on 6 February 1975. Approximately 30 minutes were necessary for the 
four passes. Three descending passes out of the canyon were flown at 
1,000 feet. One ascending pass was made into the canyon at 1,500 feet. 
The pilot had difficulty maintaining altitude and a wings-level attitude 
(i.e. maintaining a smooth flight), due to moderate turbulence. 
Experimental controls. The experiment used two primary methods of 
control. The first was to estimate the population of deer within 0.5 
miles of the road (on the north side). This area would be about equal 
to half the field of view of the scanner at 1,500 feet, the other half 
or south side not being considered. Since the road was easily traveled, 
the strip census (or King method) was used for the estimate. 
In this method: 
p = AZ 
2YZ where P population 
A total area of study 
X length of the line 
Y average flushing distance 
Z = number flushed 
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Eight trials were made under a variety of weather conditions. The 
last trial was on the morning of the overflight. Calculations were based 
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The raw data were developed by a team of workers driving the strip 
at 5 to 10 miles per hour. The slope was scanned by eye until deer were 
spotted. The vehicle would stop and the workers would estimate the dis-
tance to the deer and count their numbers. Binoculars also were used to 
insure accurate counts. 
The second control was to establish the location of as many deer and 
elk as possible to aid in locating the animals on the imagery. This 
comparison, however, was not to have been used until after the imagery 
was examined independently. Locations were established by plotting the 
positions of wild animals, confining animals in traps of known position, 
and by recording animals of other fixed positions. 
In conjunction with the last strip census conducted during the 
overflight, rather than merely keep a tally of deer, the team of workers 
recorded the locations of all deer and elk with respect to distance 
traveled along the road, distance from the road, time of the sighting, 
and location of the team each time the aircraft passed overhead. 
A few weeks prior to the overflight, six Clover traps (Clover, 1956) 
were set in the canyon to trap deer . The captured deer were tagged and 
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released daily by a consc'rv.ition officer o[ Lhe Utah Divis ·ion of Wi l dlife 
Resources. However, deer trapped a few days before the flight were held 
in the traps. Thus, on the day of the flight, each trap contained a 
control animal. Three traps contained adult deer and three fawns. 
To measure the effects of vegetation, the traps were placed under 
or next to western red cedar, Utah juniper, leafless river birch, leaf-
less big tooth maple, and one next to a sheer 20-foot cliff. 
Lastly, animals of known fixed locations were recorded. Hardware 
Ranch had 460 elk in the meadow, 25 in pens, and three deer which were 
placed in a corral. Three horses were also in the study area, tied 
near the location of the first trap at the mouth of the canyon. 
Collection of weather data. A second team was delegated to check 
each trap during the overflight. They measured dry and wet bulb air 
temperatures, wind velocity, and snow depth. They also used a hand-
held radiometer (described below) to measure the apparent temperatures 
of the deer and their backgrounds. This last step also was performed 
on the corraled deer and the penned elk at Hardware Ranch. 
Costs 
Rental fees for the aircraft and scanner were $208.00 per hour of 
flight time, regardless as to whether or not the scanner was operating. 
Thus, ferry time from Boise, Idaho to Logan, Utah and return were part 
of the costs. One-half hour was necessary for the scanner to make the 
four passes covering approximately 11.25 square miles on each pass. 
Four hours were required for ferry time. 
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OLher costs -i1H·lucleu the pt1rl'h;1sl' or u video tapl' ($88.00) to 
record llw elc•clnlnil' s-Lgnals, ;it1lomobilc fuel, lcl'S for m.tking prints 
from the strip camera ne gatives , and hourly costs [or ground personnel. 
Radiometric Investigation 
Description of the study area 
This portion of the study was conducted at the Ecology Center at 
Utah State University. The Ecology Center is on nearly level terrain 
on the east side of Cache Valley, in North Logan. Utah. Since the 
Wasatch Mountains of the Cache National Forest rise up from the eastern 
edge of the Ecology Center, the Center does not receive sunlight until 
late in the morning. 
Little vegetation, except for closely cropped grasses, was on the 
ground within the pens in which the subject deer were kept. The area 
of the pen, where temperatures were measured, had completely bare, 
frozen ground. On the first of three series of measurements, less than 
2-inches of snow covered the ground. 
The deer which were used for this portion of the study were 
relatively tame animals, making radiometric measurements simple. 
Description of the radiometer 
Temperatures were measured with a hand-held Barnes PRT-lOL 
Infrared Radiometer, with the following specifications: 
Temperature Scales 
Absolute -10° to +60°c 
Differential + 5° at 20°c 
Temperature Sensitivity +0.2°C at 20°c 
Spot Size with a 7° Field of View 
Distance 2" 3' 10' 50' 
Diameter 1.5" 0.5' 1.5' 6' 
Spectral Sensitivity 6.9 to 20 microns 
• 
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Radiometers used for laboratory or close work usually 11se fiber 
optic devices to collect energy and conduct it to the wavelength select-
ing unit. Energy in the middle to far infrared may then be separated 
into discrete wavelengths, using interference techniques, rather than 
refractive optics, which are inoperative beyond the near infrared. A 
detector in the signal converting unit may be recorded as a continuous 
profile, as used in dynamic airborne radiometry, or may be static, 
displayed on a meter (Lillesand and Stevens, 1974). The Barnes PRT-101. 
is a static radiometer. 
Methods 
Trials were conducted on 19 February, 3 March, and 10 March 1975. 
On each day, data collection began 20 minutes before sunrise and ended 
45 minutes after sunrise. Using the radiometer, the apparent tempera-
tures of the deer and their backgrounds were measured. Measurements 
were taken from within 3 feet, choosing among bucks, does, and fawns at 
random. The measurements were taken broadside, avoiding the cooler legs 
and the warmer facial area near the mouth and nostrils. 
RESULTS 
Infrared Scanning Census Attemp_! 
The imagery produced from either the 1,000-foot or 1,500-foot 
altitude flights did not yield the desired results. Even after 
plotting the known locations of deer on the imagery, no deer images 
could be found. The elk herd at Hardware Ranch, however, was visable 
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on imagery taken from both 1,000 feet (Fig. 7) and 1,500 feet (Fig. 8). 
Using a disecting microscope, I was able to count 420 of 460 (91.3 %) of 
the elk on the Hardware Ranch meadow. The three horses located near 
trap 1 at the mouth of the canyon also appeared on the imagery taken 
from 1,000 feet (Fig. 9). 
Data on the apparent temperatures of the control animals are 
presented in Table 2. Data taken at traps 1 and 2 are not valid, 
because the radiometer was not calibrated prior to use at thos e 
locations. 
0 
The mean apparent temperature of the deer was 1.60 C, 
0 0 0 
varying from 0.82 C to 2.66 C, and that of their backgrounds -3.99 C, 
varying from -5.17°c to -3.33°C. Thus, the mean temperature 
differential was 5.59°c. 
0 
Six elk had a mean apparent temperature of 6.98, varying from 
6.1°C to 7.9°c, with a mean background temperature of -2.63°C, varying 
from -2.4°C to -3.0°c. Thus, the differential was 9.61°C. Note that 
the elk had a slightly higher apparent temperature and a greater back-
ground temperature differential than the deer. 
Figure 7. Hardware Ranch elk herd detected from an 
altitude of 1,000 feet on 6 February 1975 
between 8:00 and 3:30 A.H. using an 
infrared remote scanner sensitive from 
8.5 to 11 microns. 
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Fi gure 8. Hardware Ranch elk herd detected from an 
altitude of 1,500 feet on 6 February 1975 
between 8:00 and 8:30 A.H. using an 
infrared remote scanner sensitive from 
8.5 to 11 microns. 
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Figure 9. Infrared remote sensing imagery taken 
from an altitude of 1 , 000 feet on 6 
February 1975 between 8:00 and 8:30 A.M , 
at the mouth of Blacksmith Fork Canyon. 
The arrow designates three small white 
images of horses. The white image on the 
road to the left of the horses is the 
author's jeep. 
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Table 2. The apparent temperatures of the control animals and their backgrounds (°C) 
taken from within 3 feet using a hand held Barnes PRT-lOL infrared radiometer. 
1 2 
Deer 17. 97* {1 11. 33*!! 
Background s. 00-:,11 




6 . Olf 
4 
1.20* 

















* Based on a mean of 3 measurements . 
** Based on a mean of 5 measurements. 
*** Based on a mean of 6 measurements. 
# Radiometer was not calibrated prior to taking measurements. 
4 l 
Environmental data accumulntcd during thP overflight an' presented 
i.n T:ihlP ·3. Snow ckpths v;1riod from O lo 12 inches. Winds ;1 few feet 
above ground were 5./~ mi. Jes per hour or less. Air temper.ituros wer e 
only slightly above freezing ( a pproximately 2°c) and humidity averaged 
77%. The sky was 100% overcast. 
Radiometric Investigation 
Results of the radiometric investigation are presented in Fig. 10. 
As the morning progressed, differentials between deer and their back-
ground appeared to increase. Differenti a ls before sunrise were as low 
as 3.3°c and were as high as 7.8°c after sunris e . In all cases, deer 
were warmer than their backgrounds. 
Table 3. Environmental conditions during the infrared scanning census attempt on 
6 February 1976. 
Trap Number Hardware 
1 2 3 4 5 6 Ranch 
Time Heasurements Began 7:31 7:53 8:14 8:48 7:50 7:45 
9:15 
A.M. M.S.T. 
Dry Bulb Temperature oc 0.1* 1. 2 2.3 2.3 
0.8 
Wet Bulb Temperature oc 0. 61< 0.1 0.0 0.0 
-0.3 
Humidity 
__ .. /: 85% 69% 69% 84% 
Snow Depth (inches) 0.0 3 11 7-12 2-6 
3-5 
Hind Speed (mph) 0.0 2.9 5.4 
5.0 
*This is an impossible situation in that dry bulb temperatures are always 
greater than 
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Fig ure 10. The relationship between deer and background 
temperature differentials and tim e hefore and 






According to Croon et al. (1968), ideal environmental conditions 
exist when a maximum temperature differential exists between the target 
animal(s) and a background of uniform apparent temperature. Regardless 
of whether the target animal appears warmer or cooler than the back-
ground, the difference must be to the point that the average tempera-
ture of the IFV is significantly changed. 
The apparent temperatures of an animal and its background are a 
produ c t of many variables. The rate of heat production by animals is 
determined by the basal metaboli c requirement for lif e , plane of nutri-
tion, physical activity, psycho-physiologi ca l state of the organism, 
and the mass of the organism (Moen, 1968a). The surface area of the 
organism also is important. Thus, a small active animal may produ ce 
more h ea t than a larger resting ani mal. Background temperatures are a 
function of season, sky cover, ground cover, vegetative cover, air 
temperatures, wind, and time of day. 
Season 
Available evidence indicates that winter is the best time of year 
to conduct infrared censusing. Deciduous trees then have lost the bulk 
of their foliage. Foliage, as previously discussed, effectively blocks 
the transmission of infrared energy. Once leaves have fallen, animals 
are more exposed to the scanner. Aldous (1945) suggests that winter 
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censuses are most successful in late winter when the first green foliage 
appears. Deer then tend to congregate in large groups and on valley 
fringes. 
Snow cover also provides the most uniform background of anytime of 
the year. Marble (1967) compared ground covers, attempting to establish 
a set of conditions that would create maximum and uniform temperature 
differentials. She measured the temperature differentials between 
white-tailed deer (0docoileus virginianus), mule deer, bison (Bison 
bison), and pronghorn antelope on varying backgrounds. Day and night 
readings, without snow cover and regardless of sky cover, were highly 
erratic. Temperatures of animals often were 5 to 6° C below surface 
temperatures. Snow backgrounds yielded uniform differentials, although 
the differentials were greater during the day. This was demonstrated 
under both diffuse light (Moen, 1968b) and a 100% overcast (Marble, 1967). 
(The term 'diffuse' may also refer to an overcast, but was not further 
described in the literature.) 
While Graves et al. (1972) claim temperature differentials would 
decrease as winter approached, due to the insulating influences of 
thickening pelage, this is contradicted by Moen (1968b). Graves et al. 
(1972) had no factual data, but Moen (1968b) demonstrated that as air 
temperatures decreased, the differentials between deer and their snow 
background increased. The differential showed the deer to be 6.6° 
warmer at 0° C air temperature and gradually increased to 8.0° warmer 
as the air temperature decreased to -30° C. 
McCullough et al. (1969) met the requirements stated above, but 
they still were not successful. The sky was clear and sunny during 
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overflight. They determined that a high overcast would be ideal, because 
it would "shield" the earth from the rauiation heat sink of the sky, 
reduce differential heating due to heating of objects in direct sun-
light, and stabilize apparent temperatures. 
Graves et al. (1972) discussed the effects of the sun upon the 
detectors used by McCullough et al. (1969). They suggested that attempts 
to obtain imagery with a 3.5 to 14 micron detector may have been masked 
by solar radiation, which is reflected from ice near 13 microns. They 
also refer to Stingelin (1968), who indicated that solar radiation in 
large amounts creates interference for detectors in the 3 to 5 micron 
region, which then would be inappropriate for daytime use. 
Wind, haze, and fog also affect infrared censusing. As wind 
velocity increases, animal heat loss also increases, due to convection 
(Moen, 1968a). Thus, apparent temperatures of animals are decreased. 
Infrared is strongly absorbed and scattered by haze, fog, and rain 
(Morgan, 1962; Odum, 1971) and the presence of such would be detri-
mental to the passage of infrared energy through the atmosphere. 
In this study, an attempt was made to schedule the census attempt 
at a time when the above discussed environmental factors would be most 
ideal. The canyon had little vegetative cover, little wind, nearly a 
complete snow background and a 100% cloud cover. It is probable that 
the cloud cover was a major factor in the excessive electronic noise 
found on the imagery. The cloud cover was within 2,000 feet of the 
ground, causing the flight to be very turbulent, thus increasing dis-
tortion. Even though the scanner had roll correction capabilities, 
turbulence exceeded the limits of the system. 
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Time 
1he best time of day to conduct an infrared census is yet to he 
determined. It appears that daytime flight is best when a high over-
cast is expected. If clear skies are forecast, an early morning flight 
would be best. The objective is a uniform, yet maximum temperature 
differential. This study demonstrated that temperature differentials 
increase as the morning progresses past sunrise. Studies should be 
done to find the time(s) of day when the apparent temperature of the 
subject animals are at the greatest temperature above the background. 
Graves et al. (1972) had their best results at night. They 
attributed this to differential cooling and the degree of contrast 
between target and background. Croon et al. (1968) suggested that since 
infrared census techniques rely on heat, rather than on visable light, 
overflight can be accomplished at night when the activity of many 
animals is highest. While some areas of eastern and mid-western North 
America may be flat enough for low-level flight at night, I feel the 
uneven terrain and high altitude of the Intermountain West, as well as 
the danger of vertigo to the pilot (resulting from lack of horizon 
lights and/or poor instrument flying proficiency), make nighttime 
flights in the Intermountain West prohibitively dangerous. 
Image Interpretation 
Detection, resolution, and recognizability 
The first objective which must be met by an infrared scanning 
system is to detect the presence or absence of a signal. This 
detectability (Rosenberg, 1971) is called sensitivity by Suits (1960). 
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He realized that in any system affected by random noise the duration of 
the signal meas11rement will govern the precision of that measurement. 
Since signals fluctuate, the longer the signal is measured, the more 
the average value will converge upon the systematic signal value: i.e., 
a slower scanning speed or a long detector time constant results in 
greater sensitivity. 
Secondly, a system must have sufficient resolution. This concept 
· has been defined in many ways. Rosenberg (1971) begins with the 
following definition: 
The concept of resolution or resolving power of an optical 
system is its ability to distinguish between two closely 
spaced objects. More specifically, resolution is the 
minimum separation between two objects for which the 
images appear distinct and separate. 
While resolution can be defined as a system of measurement, usually 
in terms of the number of line-pairs
1 
per unit distance distinguishable 
by a human observer, under a special set of circumstances of contrast, 
magnification and illumination, resolution will vary with the ability of 
the human observer to see or think that he can see the line-pairs. His 
degree of astigmatism, personal judgement, visual acuity, reaction to 
film graininess, and reaction to electronic noise are taken into account. 
Therefore, no two persons can measure resolution the same (Rosenberg, 
1971). 
The IFV and detector time constant determines the resolution of 
infrared scanners. While the resolution can be increased by decreasing 
the IFV, a greater scan rate would be necessary to cover the same area. 
At the same time, more detail is. observed as signal changes will occur 
1A line-pair is one dark and one adjacent light line. 
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more rapidly over a scan (Suits, 1960). A short detector time consta nt 
also increases resolution. Unfortunately, as resolution increases, 
detectability decreases, and vice versa. That is why prospects for 
small ani mal infrared censusing are very poor. Very high resolution is 
necessary to distinguish animals of small surface area. The ability of 
a system to detect the temperature variation, however, is diminished. 
Recognizability is the ability of a system to recognize or identify 
a signal. A system is the combination of a remote sensing system and a 
human ob~erver or interpreter. A signal is an item of information in an 
image or other spatial pattern or an item of spectral or temporal 
information (Rosenberg, 1971). To the definition of a system, I would 
add computers to the method(s) of image interpretation. 
The human or electronic interpreter must be able to recognize 
a nimals, as opposed to rocks and logs, based on shape and the different 
grey tonal variations between black and white. These tonal variations 
are dependent upon the various interactions of objects with infrared 
electromagnetic energy, underlying strata, angle of incident solar 
radiation, shadows, and evaporation rates (Gates, 1967). 
In order to be recognizable and/or resolvable, a signal must be 
detectable. A detected object may be neither resolvable nor recogniz-
able. An object may be detected and recognized without being resolved, 
as a small object with a highly reflective surface. 
The needs of an infrared remote sensing census require that animals 
be detectable, resolvable and recognizable. In this project, over 400 
elk and 3 horses were detected and resolved, but they were not recogniz-
able. This was confirmed by Dr . Raymond R. Moore (1975) and Dr. Derle 
J. Thorpe (1975) of Utah State University in personal communications. 
50 
They felt that the elk and horse imngery wns too difficult for even a 
traineJ interpreter to identify. Interpretation also probably was too 
difficult for a computer. 
While it is quite possible that many deer were detected, I could 
not find evidence on the film of even those animals of known location. 
I can only assume that thei ,r signals were neither resolvable nor 
recognizable. Perhaps this was due to the print-out part of the system, 
but a second negative was made from the magnetic tape with similar 
results. 
Distortion 
Distortion of longitudinal scale on infrar ed strip imagery is 
caused by imprecise synchronization of aircraft ground speed and angular 
scanning function, i.e., rate of rotation of the scanner mirror(s). If 
the aircraft has excessive forward speed or a slowly rotating mirror, 
underlap will occur. This means that lines of terrain perpendicular to 
the flight path will not be scanned, leaving gaps in the imagery, 
perhaps missing deer entirely. This situation is totally unacceptable. 
While these gaps will not appear on the imagery, distinct lines, such as 
the sides of a road, will have jagged, rather than smooth edges. Since 
a greater distance is recorded in the same length of imagery, the scale 
is compressed. 
Should the aircraft have a slow forward speed or a fast rotating 
mirror, overlap of lines will occur. This may be desirable in that the 
signal to noise ratio is increased, i.e., hot spots will be emphasized 
while electronic noise will occur randomly. Such imagery might yield 
double or "ghost" images. The scale would be lengthened. 
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Since radiation picked up by the scanner on the edges is " see n" at 
a fa:::,ter rate, due to the constant rotation of the ortical sysll~m, this 
area on the output edges has greater distortion and poorer resolution. 
Thus, the imagery appears to be lying on a cylin der (De Loar, 1969). 
The resolution is poorer on the imagery edges because the IFV has a 
larger spot size towards the sides (Sabins, 1973). Figure 11 demon~ 
strates the lateral scale variation of scanner imagery. Note that the 
scale decreases with an increase in distance from the nadir line
2 
(Lillesand and Stevens, 1974). 
Noise 
Much of the imagery obtained in the infrared scanning attempt 
contained excessive amounts of electronic noise. The noise appeared as 
light toned imagery, which was much larger than deer or elk. The 
turbulance during the overflight may have been a contributing factor. 
The light toned noise especially is confusing, because of the snow 
covered slopes. No differential heating had taken place. The whole 
background should have appeared dark. 
Wavelength of the Detector 
Many different detectors are available for infrared census work. 
Each detector is sensitive to different portions of the infrared 
spectrum. Should a worker wish to narrow a band further, filters can 
be used to permit the passage of only the desired wavelengths. The 
2
That line of terrain directly beneath the aircraft. 
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dC'tcctor might he J imited Lo onP or Lhe three windows in the infrarL'd 
spectrum, or the sensitivity may cxtPncl fr-om one window through another. 
The 8 to 14 micron window 
The 8 to 14 micron window is probably the best choice for infrared 
census, as it coincides with the peak of the power curve for the regions 
of working apparent temperatures. It already has been noted that at 
300° K, the peak is at 9.6 to 9,7 microns. The peak drops off rapidly 
towards the shorter wavelengths of the visable and asymptotically 
towards the longer wavelengths of radar and radio (Figure 12). Since 
the energy peak between -40° C and +20° C falls within the 8 to 14 
micron window, the energy varies by only one order of magnitude. The 
energy available changes more rapidly in the spectral windows of shorter 
wavelength which lie on the positive slope of the energy curve (Parker, 
1962; Morgan, 1962; Holter et al., 1970). These figures are based upon 
the perfect radiator or blackbody, which does not exist in nature. 
Hammel (1956) found, however, that the pelage of nine Alaskan mammals 
and the feather coat of one bird had emissivities somewhere between 
0.98 and 1.00, or nearly that of a perfect blackbody. 
The 3.5 to 5.5 micron window 
We actually are concerned with two windows, in that the atmosphere 
is opaque from 4.1 to 4.5 microns. Detectors in this portion of the 
spectrum have been used in two of the studies discussed (McCullough et 
al., 1969; Graves et al., 1972). Bastuscheck (1970) felt that this 
would be the appropriate portion of the spectrum, because there is a 
greater separation of total energy curves at the shorter wavelengths, 
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Figure 12. Spectral energy distribution as a function of temperature 
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will be greater in the shorter wavl'lengths. !Ienet', a detector sens.i.tive 
fron, J to 5 microns would be a better detector than one sensitive to 
longer wavelengths. Shorter wavelength bands would provide better 
target emphasis when the targets are warmer than the background. This 
might be true if the energy curves at these shorter wavelengths emitted 
sufficient energy for the detector to pick up. A large differential is 
not as important as insuring that both target and background are 
detected. This low emission was recognized by McCullough et al. (1969). 
Two additional reasons exist for avoiding the 3.5 to 5.5 micron 
window. The interference by reflected solar radiation (Stingelin, 
1968) has been discussed. Secondly, self-emitted radiation does not 
begin to predominate until wavelengths exceed 4.5 microns. 
Broad spectrum detection 
Some detectors are sensitive to large portions of the infrared 
spectrum. Such detectors, sensitive from 3 (3.5) to 14 microns, have 
been used by Graves et al. (1972), who detected deer up to 500 feet of 
altitude, and McCullough et al. (1969), who detected horses at 1,000 
feet of altitude. McCullough et al. (1969) felt that they did not pick 
up deer because of a masking effect, associated with the broad spectrum 
o f energy over the 3.5 to 14 micron region. 
Blacksmith Fork Canyon census attempt 
The 8.5 to 11 micron detector was used in this study. Using this 
equipment from 1,000 feet of altitude, no deer, but the Hardware Ranch 
elk and three horses were detected. This equipment is used primarily 
for the detection of forest fires. As such, it was primarily a fire 
fighting tool. Obviously a detector used for this purpose would not 
need great sensitivity. It even may be possible that high thresholds 
of sensitivity might be useful for the purpose of (ire detection. 
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I suspect that the deer might have been detected had the detector 
been sensitive over the whole 8 to 14 micron window or had the detector 
chip been larger. It is possible that not enough energy was available 
over the 8.5 to 11 micron spectrum. The total energy available nearly 
would have doubled over the broader spectrum. 
Species Differentiation 
Variation of altitude and IFV 
In order for a scanner to detect an animal, that animal must be 
large enough to warm the average area of the IFV to a temperature 
significantly different from that of the background. If an animal is 
too small to warm the IFV, it will not be detected. Hence, while an 
elk might be sensed with a larg e IFV, a deer would not. A detector 
with a variable IFV might then b e used to detect only the larger animals, 
or to separate mixed species by varying the IFV over successive pass es . 
Since the IFV is an angular function, the size of the area being 
sampled at any moment can be changed by varying the altitude, thereby 
achieving the same effect as IFV variation. At the higher flight levels, 
only the larger animals would be detected. This method was suggested 
by McCullough et al. (1969) and essentially was demonstrated by Graves 
et al. (1972). Their MCT detector registered deer at 500 feet and 
below, but only livestock were detected at 1,000 feet. 
This study added further evidence to the theory of species differ-
entiation by altitude variation. While the equipment was not capable of 
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detecting deer, elk and horses were sensed at 1,000 feet and elk at 
1,500 feet. Had the system been flown at lower altitudes, perhaps d~er 
would have been detected. 
One must realize that this system is limited, in that areas con-
taining two or more species of similar size could not achieve separation 
by the above mentioned method. Ground checks would be necessary to 
determine the species ratio and results then applied to the total 
number of animals censused. 
A major problem that remains, however, is the selection of a minimum 
working flight altitude. With many detectors, deer-sized animals could 
not be detected at altitudes exceeding 500 feet above the ground (Graves 
et al., 1972; McCullough et al., 1969; Parker and Driscoll, 1972). 
While low altitude detection is more likely, the work of Croon et al. 
(1968) proved that deer could be sensed from 1,000 feet. 
Two other factors that support flight altitudes greater than 500 
feet are: (1) Flying at low altitudes is extremely dangerous, especial-
ly at night and/or in mountainous areas. This was confirmed by the 
pilot of this study, who also had flown for Parker and Driscoll (1972). 
(2) The lower a plane must fly to complete a census, the higher the cost 
of the census because of the longer flight time necessary to cover the 
same area. 
Different species characteristics 
One might surmise that the pelage of various mammals would radiate 
thermal energy at different wavelengths and intensities. However, 
numerous authors have demonstrated that the apparent temperatures of 
many animals is essentially the same. The work of Marble (1967) has 
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already been discussed. Croon (1967) found little difference in 
appa:ent temperatures among white-tailed deer, red fox (Vulpes f~Jv~), 
and red squirrel (Sciurus vulgaris). McCullough et al. (1969) found 
similar temperatures with deer, wild turkey (Meleagris gallopavo), and 
a man's wool overcoat. 
In this study, the elk had a mean animal-background temperature 
differential 4.02° C higher than that of deer. It should be remembered, 
however, that elk-background temperatures were taken later in the 
morning than those for deer. Also, whenever temperatures were taken, 
the animals were under stress due to the presence of workers. 
0 
Parker and Driscoll (1972) found deer averaged 2.4 C warmer than 
pronghorn at the time of their overflight. They had hoped that deer 
images would be lighter than those of pronghorn, because they were 
warmer and larger. Interpreters, however, were not capable of differ-
entiating between the two species. 
Perhaps their theory still has merit. A larger and warmer animal 
might be detected more readily. Some combination of size and tempera-
ture may exist for a given wavelength, IFV, and altitude whereby one 
species might be detected and not another. 
Census Error 
Problems exist which may cause inaccurate counts to be made from 
the imagery. While the possibility of such errors exist, an awareness 
of them will lessen their probability. These problems had no great 
effect upon this study, but must be considered in future censuses. 
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Workers must first check to see i f any livestock are in the area. 
Local ranchers and farmers could be consulted to determine the numbers 
and location of their livestock. 
Objects of the same size, shape and temperature as the animals 
being censused probably will show in the imagery (McCullough et al., 
1969; Graves et al., 1972). Rocks can usually be eliminated, as their 
shape usually is round and undefined, whereas big game animals are long 
and slender. If uncertainty exi s ts, a ground check will reveal rocks or 
logs. The costs of ground checks, however, might not justify the 
increased accuracy. If the imagery is being viewed in flight, success-
ive overflights would reveal movements of animals, which immediately 
would separate them from inanimate objects. 
McCullough et al. (1969) discussed errors associated with animal 
behavior. They suggested that numerous small animals in close proximity 
to one another might give a hot spot, but this would be an uncommon 
error, especially at the optimum time for census (winter), which does 
not coincide with the season of birth. A similar problem, however, may 
have occurred in the Hardware Ranch over f light. The slightly low count 
may have been due to two or more animals appearing as one image. The 
460 elk on the meadow at the Ranch were in very close proximity to each 
other. 
Animals that have just left their beds also might cause a hot spot. 
If flights are kept at high altitudes, however, animals are not likely 
to be alarmed and will remain bedded down. 
Error may result from a distorted hot spot on the edge of the 
imagery. This distortion increases as the side angle of incoming 
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radiation increases. Overlappi ng flight lines will prevent this from 
being a problem. 
Human error also may cause count discrepancies. Croon et al. (1968) 
found that untrained interpreters made counts between 85 and 110% of the 
actual figure. Parker and Driscoll (1972) allowed three interpreters to 
make counts on their imagery of mixed deer and pronghorn. Counts ranged 
from 61 (92.4%) to 65 (98.4%) of 66 animals. 
Infrared Versus Other Aerial Census Methods 
Attempts to compare aerial infrared scanning censusing to all 
other censusing methods would be beyond the scope of this thesis. 
Therefore, discussion will be limited to comparisons between some 
aerial census methods. The infrared census will be compared with big 
game censuses using human observers in light airplanes and helicopters. 
Relative costs and efficiency 
At the time of this thesis, the following rates were in effect: 
approximately $45.00/hr. for a light, single-engine, 4-place aircraft; 
$109.50/hr. for a helicopter
3 
capable of carrying two observers; and 
$208.00/hr. for the infrared scanning survey. Costs include pilot, 
crew members and fuel. Videotapes for recording the infrared data 
cost $88.00 each. 
At first inspection, the airplane census appears to be the least 
expensive, but this is not the case. Airplane censuses can be very 
3
Helicopter data derived from a census of the Cache elk herd 
conducted from January 25, 1975 to February 7, 1975 by the Utah State 
Division of Wildlife Resources. 
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slow. Bergerud and Manuel (1969) reported that during a moose (Alces 
alces) census, only 1. 3 to 1. 5 1-mile-s ,quar e quad rats per hour could be 
censused .. Evans et al. (1966), also in a moose census, averaged 1.5 
I-mile-square quadrats per hour. Simple mathematics show an actual 
cost of $30.00 per square mile censused. 
In the Cache elk census, the helicopter was able to cover 10 to 
12.5 mi.
2
/hr. and assumes that there is no transect overlap and that 
each area is covered only once. With overlap and hovering time, the 
actual census speed probably was much less. The actual flight time 
taken to census the Cache elk herd was 13.5 hours over a 14-day period. 
In comparison, infrared scanning censuses can be very inexpensive. 
Assuming an angular field of view of 120°, 25% overlap, and an aircraft 
speed of 100 mi./hr., 50 mi.
2
/hr. and 75 mi.
2
/hr. can be censused from 
1,000 feet and 1,500 feet, respectively. Even if all acreage is 
covered twice, the potential cost is less than that of observation from 
airplane or helicopter. Lovaas et al. (1966) felt that neither air-
plane nor helicopter censuses were "cost justified" for censusing 
Montana elk. In this study, approximately 10 mi.
2 
was flown four times 
in approximately 0.5 hrs. 
The human element 
Census methods which use human observers have the potential for 
great variability. No two i .ndividuals are equally competent at spotting 
game animals from a moving aircraft. The ability of an animal to con-
ceal itself is a factor which makes many animals invisible to an 
observer. For these reasons, both pilot and observer(s) must be 
thoroughly trained and experienced. Bergerud and Manuel (1969) felt 
strongly about this and suggested that both pilot and observer be 
permanent employees of the agencies conducting aerial censuses. 
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Fatigue also is a problem. Human observers are limited to the time 
that they can efficiently spot animals, both in terms of the length of 
each flight and the number of flights per day. Fatigue prevents animals 
from being spotted and causes others to be "seen'~ which are not there. 
In infrared censusing, the aircraft crew need only be proficient at 
flying the aircraft over a designated course. They need not have any 
knowledge of the animal(s) being surveyed. The interpreters of the 
imagery, however, must be highly skilled and properly trained. Since 
the equipment is independent of human weaknesses, it is not subject to 
fatigue. 
Accuracy 
Little more than trends can be established with human observers, 
except possibly in areas limited to low growing vegetation. Since no 
two observers are alike, results often vary considerably. Lovaas et al. 
(1966) reported inconsistent res ,ults in 16 attempts to census Montana 
elk, using airplane and helicopter. 
The infrared census undertaken during this study yielded very poor 
results. Reasons for this already have been discussed. Results should 
improve as equipment becomes better. Infrared censusing still is very 
new, but the excellent results of Croon et al. (1968) and the good 
results of Parker and Driscoll (1972) are encouraging. 
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CQNCLUSTONS 
Before the infrared scanner can be used as an effective wildlife 
management tool, equipment must be developed which meets the needs for 
censusing. Equipment normally used at high altitudes to detect fires 
and thermal pollution does not meet the needs of infrared censusing 
for big game. If wildlife management agencies express enough interest, 
perhaps the engineering world will produce the equipment needed. 
It is recommended that the following parameters be kept in mind 
during equipment development: (1) The detector should be sensitive over 
the entire 8 to 14 micron window ·, to maximize incoming radiation. This 
sensitivity may have to be narrowed to compensate for reflected solar 
radiation near 13 microns. (2) The minimum working altitude for deer 
detection should be 800 feet in order to keep costs down and to maximize 
a ircraft safety. (3) The wildlifer must determine the time of day 
during the winter when animal background differentials are greatest. As 
differentials increase, the IFV may be decreased, which increases 
resolution. As resolution increases, assuming detectability is not 
decreased, recognizability of game animals increases. (4) Daytime 
flight should be the goal, because of safety reasons. 
Prosuects appear good for the censusing of big game animals with 
airborne infrared scanning systems. Equipment probably is available 
now which would adequately census large North American animals such as 
elk, moose, car~ou (Rangifer tarandus), and polar bear. Equipment for 
the efficient censusing of deer and pronghorn is on the horizon. 
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